                 An Electromagnetically Coupled Variable Position Feedline 

                             Within A Two Layer Microstrip Antenna

                                                Gregory M. Swick  

Overview – A microstrip antenna tuning method is presented that implements an electromagnetically coupled traveling feedline structure positioned on a layer between a ground plane and a patch radiator. Experimental results compare the position of the open ended feedline, inset from the patch edge, to impedance, return loss, standing wave ratio and bandwidth.

                                                   I. Introduction

A low profile presentation  and its ease of construction are two primary reasons industry and institutions have been attracted to microstrip antennas. The ability to be integrated into an inconspicuous package with a low weight factor is a benefit of the afore mentioned. Due to the nature of working with printed elements, the design and prototype phase as well as tuning and matching to a source in a real application can be cumbersome lending to acceptance of performance less than optimum. Coupling of a feedline is dictated to by two attributes, the distance the feedline is located in from the patch edge and the width of the patch. The idea of varying patch width is a limitation. If a method of tuning is to be implemented that does not include varactor tuning [1] or some method of automated mechanical tuning [2] then one could implement a more simplistic method of a moveable feedline  assuming a fixed patch width. 

   In this document, experimental data is compiled on a manually adjusted feedline structure serving as part of a fundamental two layer electromagnetically coupled

microstrip antenna [3].  The feedline is approximately a half wavelength transmission line with a characteristic impedance of 50 ohms. It is printed on a section of FR4 that is allowed to slide below the patch radiator and above the ground plane.  

   The position of  the feedline that offers optimum coupling for impedance matching, standing wave ratio, return loss and bandwidth can easily be observed using the appropriate test equipment.

                                                   II. Antenna Construction

   The antenna structure is a fundamental two layer microstrip antenna[3] with a sliding feedline positioned between the two layers. The patch element, ground plane, and feedline are all printed on separate layers of FR4 as illustrated in figure 1. The target frequency of operation was in the 1 GHz region and with the additional separation of patch and ground plane brought forward with three separate layers of FR4 the optimum operating frequency was found to be 1077 MHz. The patch radiator is 7.5 cm square. The feedline is 0.5 cm in width with approximately ½ wavelength of microstrip waveguide length. A scale of graticules was drawn on the top layer to be aligned with a line drawn on the feedline slider.

At each position values of impedance and standing wave ratio were tabulated.  Patch and feedline dimensions can be obtained through use of a couple of programs written by Santini [4] called PATCHD and PATCH9. Approximate values can also be acquired by implementing equations 1-1 and 1-2. It should be noted that these methods assume a thin substrate.  
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                                                                              Figure 1

The approximate value for the length of a resonant half wavelength antenna can be found using [5]. 
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where: (d = wavelength in dielectric

             (r = dielectric constant 

Figure 2 illustrates the orientation of the length and width of the patch to the feedline.  













The characteristic impedance of the feedline was targeted at 50 ohms and the strip was placed on a separate layer of FR4. A line drawn on this layer served as a reference to a series of graticule lines on the upper radiator layer. Using the line on the feedline, layer the graticules provided a range of measurement from the edge of the patch to its center. Measurements could then be collected at each increment inset of the patch raditor that the electromagnetically coupled feedline was placed. The construction of the traveling feedline layer can be seen in the image of figure 3. Figure 4 and 5 are images of the patch radiator and the ground plane. The ground plane was made to be 1.5 times that of the square patch.
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[image: image2.wmf]The approximate value of feedline impedance can be determined using equation 1-2 for width (of feedline) to height (of substrate) ratios greater than 1 [6] and [7].
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 EMBED Equation.3  [image: image4.wmf]
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Figure 6 shows the image of the assembled project. A coaxial transmission line was attached to the outside end of the feedline.


                                                 lll. DATA COLLECTION AND ANALYSIS 

All  testing and data collection  was performed in the lab facilities at Niagara College in Welland, Ontario. An Agilent 8712ES Vector Network analyzer was used to acquire various data such as impedance-bandwidth, SWR, resonant frequency, as well as S11  in both graphical and Smith Chart format. The antenna was placed on a pedestal in the anechoic chamber (figure 7).  It was found that the optimum resonant frequency was slightly off  per the formula of 1-1, as was expected, due to the additional thickness of the antenna substrate materials that would not normally be taken into account. Figures 8 and 9 display SWR and return losses respectively when the traveling feedline was positioned for optimum matching. Tables 1 and 2 present a graph of feedline positioning (inset) to inpedance and SWR respectively with a 50 ohm match as a target value.
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In order to determine the 2:1 impedance bandwidth characteristic, the marker values were taken using the HP VNA with the presentation illustrated in figure 8. The optimum resonant frequency was found to be 1083 Mhz with a 2:1 SWR deviation of 67.29 Mhz. This delivers a 2:1 impedance-bandwidth of 6.21%.  The relationship between impedance and the position of the adjustable feedline was tabulated. With the presentation of both real and imaginary values at each position a more simplistic interpretation of SWR versus feedline inset might be more suitable. This can be viewed in figure 10. The x-axis ranges from 0 mm at the edge of the patch to 40 mm at the centre of the patch. 

    The ability to manually adjust the position of the feedline while observing either SWR and or impedance on a Smith Chart offers one the luxury of quickly tuning the antenna to a source impedance. 
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                                      IV. FIELD RADIATION PATTERNS

   After collection of the data displayed in figures 8, 9, and 10, the E and H far field radiation patterns were obtained. The antenna was placed on a rotating test fixture inside the anechoic chamber at the Electronic Engineering Technology department of Niagara College in Welland, Ontario. Data was collected by a receiving antenna serving as an input to an Agilent 4411B spectrum analyzer. The patch antenna was excited by a signal from an Agilent 8712ES R.F. signal generator. We installed a GPIB interface into the spectrum analyzer and a computer. This allowed us to use a visual programming package, Agilent VEE, to control and plot the field pattern in real time on a polar plot. The Graphical User Interface (GUI) was written by the author of this document.











              6.                                               

                                                                 V. SUMMARY

A patch antenna that is printed and fixed on a single substrate may find its location of feedpoint, either probe fed or line, less than optimum for purposes of matching due to variations such as location of installation and geometry of antenna package that may be different with each installation. A feedline that can be adjusted through a range of inset points after installation would permit tuning of the antenna for optimum values of SWR and impedance matching. Data collected suggests that the best SWR achieved occurred at a location slightly before the center of the radiating patch for the resonant frequency observed.
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Patch radiator layer





Adjsustable feedline structure.





Ground Plane





Figure 3 -  Image of traveling feedline structure. The feedline layer is contained between two strips of FR4 that  are secured between the ground plane and the patch layer.





Figure 4 – Patch radiator on FR4 with cutout to provide access for the feedline.
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Figure 5 – Ground plane with feedline cutout.
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Figure 6 – assembled model with traveling feedline structure.
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Figure 7 – Patch antenna mounted on a pedestal in the anechoic chamber at Niagara College in Welland Ontario.
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Figure 8 – A plot in SWR format at optimum resonant frequency of the traveling feedline patch antenna.
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Figure 9 – Smith chart presentation of S11 over the same range of frequencies as figure 8.





Figure 10 – Plot of the EMC feedline position into the patch radiator  and resulting SWR.





Figure 2





Figure 11 – E far field plot of emc patch antenna.
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S – 0 degrees





Figure 12 – H far field plot of emc patch antenna. 
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